We derive the statistical properties of neutral gas at redshifts 0.11 < z < 1.65 from UV measurements of quasar Lyα absorption lines corresponding to 369 Mg ii systems with W λ2796 0 ≥ 0.3Å. In addition to the 41 damped Lyman alpha (DLA) systems presented in Rao et al. (2006) , the current DLA sample includes 29 newly discovered DLAs. Of these, 26 were found in our Hubble Space Telescope (HST) Advanced Camera for Surveys prism survey for DLAs (Turnshek et al. 2015) and three were found in a GALaxy Evolution Explorer (GALEX) archival search. In addition, an HST Cosmic Origins Spectrograph Cycle 19 survey yielded no DLAs that could be used for this study. Formally, this DLA sample includes 70 systems with N HI ≥ 2 × 10 20 atoms cm −2 . We find that the incidence of DLAs, or the product of their gas cross section and their comoving number density, can be described by n DLA (z) = (0.027±0.007)(1+z) (1.682±0.200) over the redshift range 0 < z < 5. The cosmic mass density of neutral gas can be described by Ω DLA (z) = (4.77 ± 1.60) × 10 −4 (1 + z) (0.64±0.27) . The low-redshift column density distribution function is well-fitted by a power law of the form f (N) ∼ N β with β = −1.46 ± 0.20. It is consistent with the high-redshift as well as z = 0 estimates at the high column density end but, lies between them at the low column density end. We discuss possible N HI and metallicity bias in Mg ii-selected DLA samples and show that such biases do not exist in the current data at z < 1.65. Thus, at least at z < 1.65, DLAs found through Mg ii selection statistically represent the true population of DLAs. However, we caution that studies of DLA metallicities should take into the account the relative incidence of DLAs with respect to W λ2796 0 (or gas velocity spread) in order to correctly measure the mean neutral-gas cosmic metallicity of the universe.
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INTRODUCTION
For decades, quasar absorption line surveys have proved to be a powerful and highly successful way of probing intervening gaseous structures in the Universe. Studying the redshift evolution of absorption lines, be they lines of molecular H 2 , neutral H i, or metals, allows us to trace the star Based on data obtained from the Sloan Digital Sky Survey (SDSS) and on observations made with the Hubble Space Telescope (HST) operated by STScI-AURA for NASA/ESA and the NASA Galaxy Evolution Explorer (GALEX) operated for NASA by the California Institute of Technology under NASA contract NAS5-98034.
† E-mail srao@pitt.edu formation and galaxy assembly history of the Universe without being biased by the luminous components of galaxies. In particular, the damped Lyman alpha (DLA) systems, which have the highest observed neutral hydrogen column densities, N HI ≥ 2 × 10 20 atoms cm −2 , are known to contain the bulk of the neutral gas mass in the Universe (see Wolfe et al. 2005 for an overview of DLA research.) Since the original Lick survey for DLAs (Wolfe et al. 1986 ), many teams have advanced the field at redshifts z ≥ 1.65, where the Lyα line falls in the optical part of the spectrum and can be accessed with ground-based telescopes (Turnshek et al. 1989; Lanzetta et al. 1991; Storrie-Lombardi & Wolfe 2000; Péroux et al. 2003; Prochaska & Herbert-Fort 2004; Prochaska, Herbert-Fort, & Wolfe 2005; Ellison et al. 2008; Prochaska & Wolfe 2009; Noterdaeme et al. 2009; Zafar et al. 2013a; 2013b; Crighton et al. 2015; Sánchez-Ramírez et al. 2016 ). This was accomplished by measuring the properties of the DLAs and considering successively larger samples, which statistically improved the accuracy of the results on the DLA incidence and cosmic neutral gas mass density at z ≥ 1.65. The number of known DLA systems at these higher redshifts increased from ∼ 15 in the Lick survey to over 6800 in the Sloan Digital Sky Survey III (Data Release 9) quasar spectroscopic database (Noterdaeme et al. 2012, henceforth, N12) .
Nevertheless, DLAs are rare, especially at redshifts z < 1.65 -an interval that includes the most recent ∼70% of the age of the Universe -where the line falls in the UV. The HST Quasar Absorption Line Key Project found only 1 DLA in a blind survey (Bahcall et al. 1993 ), while Meiring et al. (2011) found 3 serendipitous DLAs in the COS-Halos survey, and Neeleman et al. (2016) identified 4 DLAs in a blind survey of 463 quasars in the HST archives. These results are consistent given the small samples and low statistical accuracies. Thus, given the limited availability of spacebased observing time for UV surveys, the identification of a substantial sample of 'UV'-redshift DLAs in a blind spectroscopic survey is practically impossible, not to mention extremely inefficient. Therefore, to isolate sightlines which have DLAs, we used a technique that exploited the fact that all known optical-redshift DLAs have strong Mg ii absorption, i.e., with Mg iiλ2796 rest equivalent width W λ2796 0 ≥ 0.3 A, to construct a survey for DLAs in a sample of Mg ii absorbers (Rao, Turnshek, & Briggs 1995; Rao & Turnshek 2000; Rao, Turnshek, & Nestor 2006, henceforth RTN06) . We emphasize here that the strong-Mg ii-selection method is primarily a selection based on gas velocity spread since Mg ii absorption lines are generally saturated. Therefore, the lines become strong when their velocity spread (or number of components) is large, and not because the gas has high metallicity. This is especially true at the SDSS spectral resolution, where individual components of Mg ii absorption lines usually cannot be resolved. We will later show clear evidence that refutes any indication of a metallicity bias at z < 1.65.
In this paper, we present a compilation of low-redshift DLAs that is statistically complete for the purpose of determining neutral gas properties at z < 1.65. We extend the RTN06 UV-DLA sample with three additional Mg ii-selected surveys. The first is our HST ACS-HRC-PR200L prism survey for DLAs in the redshift interval 0.42 < z < 0.70, in which we found 35 high-probability DLA systems, of which 26 formally have N HI ≥ 2 × 10 20 atoms cm −2 (Turnshek et al. 2015) . The second is a GALaxy Evolution Explorer (GALEX) archival survey in which we found 3 DLAs (this paper). The third is an HST Cycle 19 survey of 16 z < 0.4 Mg ii systems that were selected from our MMT survey for Mg ii systems and this paper), none of which are DLAs. In all, we now have 369 Mg ii systems at z < 1.65 for which UV spectra reveal the nature of the corresponding Lyα line; 70 of these are DLAs. Without the possibility of being able to obtain large samples of UV spectra of quasars in the near future, these results will define the state of the field for some time to come.
We describe the three surveys in more detail in §2. The statistical properties of neutral gas at z < 1.65 as determined from the updated DLA sample are presented in §3. Potential biases are discussed in §4, and we conclude with a summary in §5. Throughout we assume a "737" cosmology with H 0 = 70 km s −1 Mpc −1 , Ω M = 0.3, and Ω Λ = 0.7.
THE UV-DLA SURVEYS
In RTN06 we presented results from searches for DLAs in UV spectra of quasars with low-redshift (z < 1.65) Mg ii systems. This started as a compilation of Mg ii systems from various sources that included those from the literature for which International Ultraviolet Explorer (IUE) as well as early HST FOS data were available in the archives (Rao et al. 1995) . To this dataset we added Mg ii-selected DLA survey results from programs in HST Cycle 6 (Rao & Turnshek 2000) and Cycles 9 and 11 (RTN06), as well as additional results that could be culled from the literature using our SDSS Early Data Release quasar Mg ii survey (Nestor et al. 2005, henceforth, NTR05) . In all, the RTN06 sample included 41 DLAs found among 197 Mg ii systems with W λ2796
All the DLAs in the sample had W λ2796 0 ≥ 0.6Å and 50% of systems with Mg ii W λ2796 0 and Fe ii W λ2600 0 > 0.5Å were DLAs. We note that in the expanded sample presented here, only one of the 70 DLAs has W λ2796 0 < 0.6Å. With the 41 DLAs in our Mg ii-follow-up sample (RTN06), we showed that the incidence of DLAs, i.e., dn/dz or the number of DLAs per unit redshift, which is a product of their volume number density and physical cross-section on the sky, showed no evolution for redshifts z < 2, but evolved significantly in comparison to the high-redshift DLA results available at the time (Prochaska & Herbert-Fort 2004) . On the other hand, the cosmological mass density of neutral gas as traced by the DLAs, Ω DLA , remained constant to within the statisitical errors for redshifts 0.5 < z < 5. Our sample also had a higher fraction of high-column density DLAs (log N HI > 21.5 cm −2 ), which made the low-redshift column density distribution, f (N), flatter at higher column densities in comparison to the distributions at high redshift and z = 0 (Zwaan et al. 2005, henceforth, Z05) .
Since then, the z > 1.65 regime has benefited tremendously from the explosive increase in the number of quasar spectra available for blind DLA surveys. The N12 statistical sample now includes 3408 DLAs from SDSS DR9. Of course, there is absolutely no hope for a similarly sized sample in the UV in the foreseeable future. Nevertheless, we can make progress by using the metal-line proxies for DLAs that we have developed. With over 40,000 Mg ii systems now identified in SDSS spectra Zhu & Menard 2013; Seyffert et al. 2013; Sardane et al. 2017, in prep.) , the statistics of Mg ii systems are known to high statistical accuracy, with uncertainties most certainly dominated by systematics. As described in RTN06, if the fraction of DLAs in a well-defined Mg ii sample is known, then the Mg ii statistics can be used to determine the incidence of DLAs. Therefore, the UV surveys that we have carried out in the past (RTN06) and those that we describe below were carefully designed to select Mg ii systems that have a high probability of being DLAs. Apart from enabling the statistical properties of DLAs to be determined, these also provide a valuable resource for follow-up studies of individual neutral gas reservoirs at low redshift. This includes their metallicities, dust contents, molecular fractions, star formation, kinematics, associated galaxies, and clustering as a function of redshift.
The HST ACS Prism Survey
The details of the survey and measurements of absorption lines are presented in Turnshek et al. (2015) . Here we briefly describe the survey and its results. When STIS on HST failed in 2004 and COS had yet to be installed, we had the opportunity to make use of the low-resolution ACS-HRC-PR200L prism to perform a survey for DLAs in Mg ii systems between redshifts 0.42 < z < 0.70. This redshift interval was chosen because it was well-matched to the sensitivity of the PR200L. Despite the low resolution, ∼ 200 at 1730Å and ∼ 100 at 2070Å, it was still possible to detect and measure Lyα lines with DLA column densities (N HI ≥ 2 × 10 20 atoms cm −2 ). Equally importantly, it was possible to determine which systems were not DLAs. We found 35 high probability DLAs, which were defined as those absorption lines with measured column densities within 1σ of 1 × 10 20 atoms cm −2 . Formally, the sample included 26 DLAs with N HI ≥ 2 × 10 20 atoms cm −2 . For the 61 Mg ii systems with W λ2796 0 ≥ 0.3Å, the spectrum was of high enough signal-tonoise ratio to definitively conclude that there was no DLA line present at the Mg ii redshift. For twelve others, the spectra could not be used to determine the nature of the Lyα line. Among these twelve, we include a Mg ii system which could have a very large H i column density, N HI > 2 × 10 22 atoms cm −2 ; we don't include this in our sample since its column density cannot be definitively determined from the prism data. Details of this sample are given in tables 1 and 2 from Turnshek et al. (2015) .
All the Mg ii systems selected for this study had W λ2796 0 ≥ 1Å. They were selected from an early version of the Pittsburgh SDSS Quasar Mg ii Absorption-line Survey Catalog . A few sightlines had additional Mg ii systems with 0.3Å < W λ2796 0 < 1Å, and one system had W λ2796 0 < 0.3Å. As we explain in §3, this distinction becomes important when assigning a selection criterion to a Mg ii system in the calculation of the DLA incidence (see also RTN06).
The GALEX Archival Survey
The GALEX archive of quasar grism spectra is an additional resource that can be used to search for strong absorption features in the UV. Strong Lyα lines can easily be detected in the low-resolution grism data, which have λ/∆λ ∼ 200 in the 1344 − 1786Å FUV band and ∼ 120 in the 1771 − 2831 A NUV band (Morrissey et al. 2007) . We cross-matched our DR4, DR7, and DR9 SDSS Mg ii catalogs Sardane et al. 2017 in prep.) , with the GALEX GR6 quasar spectroscopic catalog and found 122 matches of which 60 Mg ii systems with W λ2796 0 ≥ 0.3Å had useful spectra with signal-to-noise ratios greater than ∼ 3 near the expected position of the Lyα line. We excluded GO programs in the GALEX archive which specifically targeted high-probability DLAs (e.g., Monier et al. 2009 ). Of the 60 Mg ii systems, 3 are DLAs. Two others were measured to be subDLAs. In the remaining spectra, it was only possible to definitively conclude that no strong absorption line was present at the expected position of Lyα. These were not DLAs, but the possibility that they could be lower column density subDLAs could not be excluded. Table 1 gives details of the Mg ii systems with UV spectra in the GALEX archive.
The MMT-HST COS Survey
Nestor et al. (2006) presented a low-redshift Mg ii catalog that was obtained using the MMT blue spectrograph with the aim of extending the Mg ii distribution to lower redshifts than accessible with the SDSS. They detected 140 Mg ii systems with W λ2796 0 ≥ 0.1Å at z ≥ 0.15. A sample of z abs ≤ 0.4 systems in UV-bright quasars was then selected for follow up with HST-COS in Cycle 19 (GO 12593, Nestor PI), and one of the aims of CoIs Rao and Turnshek was to characterize the neutral gas properties of the absorbers. Quasars with the possibility of Lyman limits in their spectra due to higher redshift absorption systems were eliminated, as were those with faint (FUV > 21.5) or unmeasured GALEX FUV fluxes. Three additional quasar spectra were available in the HST archives for use in the program. Measurements of the Mg ii absorbers that can be included in our statistical sample are given in Table 2 .
We note that four additional Mg ii absorbers that did not satisfy our selection criteria for finding Mg ii-selected DLAs in a statistically unbiased way were also observed in GO 12593. One of them has W λ2796 0 < 0.3Å and is not a DLA. The other three were not from the MMT survey, but are very strong Mg ii absorbers from our SDSS Mg ii catalog with W λ2796 0 ≥ 2Å; none of these three are part of our unbiased final sample since we never established a W λ2796 0 ≥ 2Å cut in our DLA surveys. Two of the three were found to be DLAs. The z abs = 0.3955, W λ2796 0 = 2.32±0.04Å, system towards the quasar J123200.02-022404.7 (also known as PKS 1229−02) is a known 21 cm absorber, for which we measure N HI = (5.0 ± 0.3) × 10 20 atoms cm −2 . The other DLA is the z abs = 0.3969, W λ2796 0 = 2.23 ± 0.08Å, system towards the quasar J125142.99+463734.7 with N HI = (3.0 ± 0.2) × 10 20 atoms cm −2 .
STATISTICAL RESULTS

Defining the MgII-DLA sample
As noted in RTN06, the Mg ii systems selected for followup observations in the UV were chosen in a variety of ways that evolved over a number of years. Each selection method was unbiased, in that it conformed to specific but well understood criteria based on prior results. Our goal was to thoroughly quantify the probability of finding a DLA as a function of W λ2796 0 while also finding sufficient numbers of them to determine their statistics and make follow-up observations. The UV surveys that we have undertaken since then were described in §2. Our sample of Mg ii systems, which have been followed up in the UV for the purpose of determining whether the system is a DLA, now includes 369 systems with W λ2796 0 ≥ 0.3Å: 197 systems in the RTN06 sample, 96 systems in the ACS-Prism sample (Turnshek et al. 2015) , 60 systems in the GALEX Archival sample (Table 1) , and 16 systems in the MMT-HST sample (Table 2 ). This search has yielded 70 DLAs, which is the largest unbiased sample of low-redshift DLAs that has been assembled for cosmological studies, but which still pales in comparison to the statistical sample of 3408 DLAs (out of over 6800 DLAs in total) in the high redshift sample of N12. We use the same methodology to estimate the satistical properties of DLAs as described in RTN06, which we briefly summarize here. The initial searches for UV DLAs were in strong Mg ii systems with W λ2796 0 ≥ 0.3Å; this matched the Mg ii survey threshold of Steidel & Sargent (1992) . We adopted this because, with the statistical incidence of Mg ii systems known from the Steidel & Sargent (1992) survey, we could use the fraction of DLAs in a well-defined Mg ii sample to bootstrap from the Mg ii incidence to obtain the DLA incidence. At the time, it was also known that all high-redshift, optically identified DLAs, had Mg ii absorption that met this threshold. Based on the results from our archival survey, our earliest non-archival HST surveys, which involved obtaining new HST observations and described in RTN06, had Mg ii thresholds of W λ2796 0 ≥ 0.6Å. We also used the strength of Fe ii to further define subsamples where the DLA fraction would be high. Refining our sample selection in this manner ensured that we used HST time with the maximum efficiency possible in searching for the rare, low-redshift DLAs. Then, with the HST ACS-Prism survey, we selected systems with W λ2796 0 ≥ 1.0Å, but no Fe ii selection criterion. Since the number of GALEX spectra available in the archives is small, we did not place further constraints on the Mg ii systems in the GALEX sample, but simply searched for DLAs in W λ2796 0 ≥ 0.3Å systems. The MMT-HST survey sample also had a W λ2796 0 ≥ 0.3Å threshold. We define these subsamples as follows: Subsample 1 includes all systems surveyed in our initial archival survey (Rao & Turnshek 2000) , the GALEX archival sample, and the MMT-HST COS sample. It also includes any additional systems that happened to fall along quasar sightlines that were targeted due to the presence of another stronger system from subsamples 2, 3, 4, or 5. Subsamples 2 and 3 were mainly targeted for observation in HST-Cycle 9, and subsample 4 includes systems found in SDSS-EDR spectra and observed in HST-Cycle 11. A few systems from the SDSS-EDR sample have strong MgII and FeII, but have W λ2796 0 1.0Å; these belong in subsample 3. The ACS-Prism sample belongs in subsample 5. The reader is referred to Turnshek et al. (2015) for the Mg ii systems in this sample; we do not reproduce it here. The reason for carefully defining these subsamples is that the calculation of DLA incidence is based on the Mg ii incidence, and the incidence of Mg ii is rest equivalent width-dependent, which is considered in §3.2. Figure 1 shows the distribution of Mg ii rest equivalent widths in our sample. The DLAs are shaded in blue. We note that the lowest rest equivalent width bin, 0.3Å ≤ W λ2796 0 < 0.6Å, now has one DLA among 70 Mg ii systems, whereas the RTN06 sample had none. The fraction of DLAs as a function of W λ2796 
The cosmic incidence of neutral gas, n DLA
The following is adapted from RTN06. The redshift number density of DLAs, n DLA (z), can be determined using the The fraction of Mg ii systems that are DLAs, which can also be interpreted as the probability of a Mg ii system being a DLA, as a function of W λ2796
where η(z) is the fraction of DLAs in a Mg ii sample as a function of redshift and n MgII (z) is the redshift number density of Mg ii systems. Since our Mg ii sample was assembled under various selection criteria (see §3.1), n MgII (z) needs to be evaluated carefully. We can express n MgII (z) for our sample as
where the sum is over all 369 systems, w i is a weighting factor that depends on the i th system's selection criterion for being included in the survey, and n MgII i (z) is the i th system's dn/dz value calculated using the parametrization derived in NTR05 and updated in Sardane et al. (2017, in prep.) :
where
is defined for simplicity and N * , W * , α, and β are constants. In this expression, dn/dz is the integrated redshift number density over all W 0 greater than the threshold W 0 . For our calculation, the threshold W 0 is different for each of the five subsamples that comprise our total sample (see §3.1 and RTN06). Thus, for example, a system that belongs to subsample 1 has a threshold of W 0 = 0.3Å in Equation 3 and a weight of w i = 1 in Equation 2, while a sys-tem in subsample 2 has a threshold of W 0 = 0.6Å and w i = 1, and a system in subsample 5 has a threshold of W 0 = 1.0Å and w i = 1. This follows since subsamples 1, 2, and 5 are purely Mg ii selected without regard to the strength or presence of the Fe ii λ2600 line. On the other hand, a system that belongs to subsample 3 has a threshold of W 0 = 0.6Å and w i = 0.54. This is because a Fe ii λ2600 criterion was used to select systems in addition to using a W 0 threshold, and 54% of the 1,130 systems with W 0 ≥ 0.6Å in the Mg ii survey of NTR05 have W λ2600 0 ≥ 0.5Å. Similarly, for systems in subsample 4 we have a threshold of W 0 = 1.0Å and w i = 0.72 because 72% of the 781 systems with W 0 ≥ 1.0Å in the Mg ii survey of NTR05 have W λ2600 0 ≥ 0.5Å. For subsamples 3 and 4 we have assumed that the fraction of Mg ii systems that are also strong Fe ii systems is independent of redshift.
We have determined the Mg ii parametrization for our updated SDSS DR4+DR7 Mg ii catalog (Sardane et al. 2017, in prep.) , and the values for the constants in Equation 3 are as follows: N * = 1.015 ± 0.006, W * = 0.442 ± 0.007, α = 0.044 ± 0.011, and β = 0.618 ± 0.011. These are consistent with the NTR05 values to within the errors. For redshifts 0.1 < z < 0.36, our MMT survey for Mg ii systems (Nestor 2004; Nestor et al. 2006) showed that the parametrization of the evolution of W 0 is consistent with that found for the z > 0.36 SDSS Mg ii systems with W 0 ≥ 0.3Å and W 0 ≥ 0.6 A. We therefore use Equation 3 with the above parameters for the entire redshift range of our sample (0.11 < z < 1.65.)
Using the formalism described above, we find n DLA (z) values as given in Table 3 and plotted as solid black squares in Figures 3 and 4 . The redshift intervals were selected to include approximately equal numbers of Mg ii systems in each bin. Figure 3 also shows data from the literature as described in the legend. We chose to plot n DLA (z) as a function of time to highlight the large cosmic time interval probed by UV DLA surveys. While the general trend of these results indicates a steep decline in the cross-section of DLA absorbers from redshifts 5 to 2, there is less agreement among the various studies at low redshift because of small sample sizes. For example, Meiring et al. (2011) found 3 serendipitous DLAs in the COS-Halos survey (the grey diamond in Figure 3) ; Neeleman et al. (2016) identified 4 DLAs in a blind survey of 463 quasars in the HST archives (the orange triangle). The blue cross is a 21 cm follow-up study of Mg ii systems by Kanekar et al. (2009) in which they found 9 detections of 21 cm absorption among 55 Mg ii systems. The red open squares are our previous results which included 41 DLAs in 197 Mg ii systems (RTN06). The solid black squares are results from our current sample and include 70 DLAs in 369 Mg ii systems. These new data confirm that the decline in DLA absorber cross-section continues to occur between redshifts z = 2 to z = 0.
In Figure 4 we only plot data with the smallest uncertainties in each redshift regime. At high redshifts these are the SDSS DR9 results from N12, who correct for incompleteness and false identifications in previous studies. The recent results of Sánchez-Ramírez et al. (2016) for redshifts 1.6 < z < 5 are consistent with the N12 results, albeit with larger uncertainties. The z = 0 data points are from Z05, who used Westerbork Synthesis Radio Telescope H i maps of a large sample of nearby galaxies to estimate n DLA (z), and Braun (2012, henceforth B12) who used extremely highresolution maps of Local Group galaxies and the local galaxy H i mass function to calculate the H i cross section as a function of N HI after accounting for 21 cm beam size and opacity effects. The discrepancy between these two local estimates using 21 cm emission is almost a factor of two: 0.045 ± 0.006 versus 0.026 ± 0.003 from Z05 and B12, respectively. With the uncertainties in the z > 0 data having improved considerably, we can now use these data to help inform and possibly constrain the z ∼ 0 values of n DLA . We show three power-law fits to the data in Figure 4 . The red curve is a fit to the eight z > 0 data points and the Z05 data point (dark blue triangle), the green curve is a fit that includes the z > 0 data points and the B12 data point (light blue star), and the black curve is a fit to the z > 0 data points alone. The fits are of the form
where n 0 = 0.035 ± 0.007 and γ = 1.488 ± 0.151 for the z > 0 + Z05 data points, n 0 = 0.026 ± 0.004 and γ = 1.707 ± 0.108 for the z > 0 + B12 data points, and n 0 = 0.027 ± 0.007 and γ = 1.682 ± 0.200 for the z > 0 data points alone. Extrapolation of the z > 0 fit down to z = 0 clearly favors the B12 determination of n DLA . All three fits are consistent with the z > 3.5 data points shown in Figure 3 . The z > 0 power law is what we report for the form of the evolution of the incidence of neutral gas DLAs as a function of redshift for 0 < z < 5, i.e.,
3.3 The cosmic mass density of neutral gas, Ω DLA
We compute Ω DLA as before (RTN06). DLA column density measurements, N HI , and the incidence of DLAs, n DLA (z), can be used to determine Ω DLA (z) via the expression
Again, the "737" cosmology is used to calculate Ω DLA . Also, µ = 1.3 corrects for a neutral gas composition of 75% H and 25% He by mass, m H is the mass of the hydrogen atom, ρ c is the critical mass density of the universe, and N HI is the mean N HI of DLAs in each redshift bin. The mean N HI and Ω DLA values calculated in the same three redshift bins as n DLA (z) are given in Table 3 . Figure 5 is a plot of our current results, shown as solid black squares, as well as various results from the literature. The references are given in the captions to Figures 3 and 5 . The large scatter in the various determinations of Ω DLA is remarkable and highlights the inherent difficulty in estimating Ω DLA , which is primarily due to small sample sizes and the fact that the mean H i column density of a sample is dominated by the highest (and rarest) column density systems. A comparison of our previous results on Ω DLA (RTN06), shown as open red squares in Figure 5 , with our current results shows that Ω DLA in the UV regime is now somewhat smaller, although the two determinations are consistent within the errors. As we show in §3.4, this is due to the fact that our previous sample had a higher fraction of high Table 3 . UV-DLA statistics: n DLA (z) and Ω DLA (z)
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1.172 0.099 ± 0.020 (1.02 ± 0.22) × 10 21 (7.5 ± 2.9) × 10 −4 a Bootstrap errors are reported. column density systems, which skewed the column density distribution function higher for log N HI > 21.5, but leaving it within 2σ of the high-redshift data. Now, with a sample that's nearly twice as large, we no longer see evidence of this. This result illustrates the fact that the value of Ω DLA is dominated by the highest column densities in the sample, and minor changes in the column density distribution at the high N HI end can affect Ω DLA . Thus, it is probably worth noting that our previous value of Ω DLA (RTN06) was never "biased high" by our Mg ii-selection methods. Instead it should be recognized that small number statistics at the high N HI end lead to significant uncertainties; these uncertainties at low redshift can be reduced by measuring larger samples of Mg ii-selected DLAs.
In Figure 6 we plot only one set of results for each redshift range: Crighton et al. (2015) for z ≥ 4, N12 for 2 < z < 3.5, our current results for 0.11 < z < 1.65, the Hoppmann et al. (2015) data point that is a combined estimate for all 21 cm emission results for 0 < z < 0.2 but which does not include the Braun (2012) result, and the Braun (2012) data point.
As we did for n DLA (z), we fit a power law to only the N12 data points and our current results. We derive
which is shown as the solid curve in Figure 6 . We extrapolate this curve to z = 0, but it is clear that the uncertainties in the low-redshift data points are such that no conclusion should be drawn as to how the z > 0 DLA results may inform or constrain the 21 cm emission results at z = 0, unlike extrapolation of the n DLA (z) fit to z = 0 (Figure 4.) 3.4 The DLA column density distribution, f (N) Figure 7 is a plot of the column density distribution of DLAs. The black solid squares were calculated using the expression
where y(N, z) is the fraction of DLAs with column densities between N and N + ∆N at redshift z, and E(z) is given by Equation 7, as was the case in RTN06. The f (N) values, listed in Table 4 , were calculated at the mean redshift of our total sample, z = 0.789, and using the redshift number density of DLAs for all systems in the redshift interval 0.11 < z < 1.65, n DLA (z) = 0.078 ± 0.009. The black solid line in Figure 7 is a fit to the data points and has a slope of −1.46 ± 0.20. A comparison with our previous results from RTN06 shows only minor differences, with the largest devi- Figure 4 . Same as Figure 3 , but only the lowest uncertainty studies in the high-and low-redshift regimes are retained. The z > 2 data are from Noterdaeme et al. (2012) and the black squares are this work. The z = 0 data points are from Z05 (dark blue triangle) and B12 (light blue star). The three curves are power law fits to the data of the form described in the text. The red curve includes the z > 0 data points and the Z05 data point, the green curve includes the z > 0 data points and the B12 data point, and the black curve includes only the z > 0 data points. Note that the black and green curves very nearly overlap. ation being in the last log N HI bin. The higher fraction of high column density systems that we noted in RTN06 has now disappeared. The current f (N) value in our highest N HI bin is consistent with both the high-redshift value of N12 and the z = 0 value of B12. (Other more recent estimates of f (N) at high redshift are consistent with the N12 results, but have larger error bars due to smaller samples, and we do not plot them here.) We have not detected any systems with log N HI > 21.8 cm −2 , and therefore cannot comment on the high-N HI tail of the f (N) distribution at low redshift beyond this value. Nonetheless, the high N HI end of the f (N) distribution appears not to have evolved with redshift, while the low N HI end, on the other hand, is significantly different in all three redshift regimes if the B12 data are used at z = 0. If the Z05 result is used instead, then the f (N) distributions diverge at both ends: the low-redshift data points from the other two at low values of N HI and the z = 0 curve from the other two at high values of N HI . The interpretation of these trends requires better data, or better understanding of the data, surprisingly, at z = 0. The B12 work highlights the need for caution when interpreting 21 cm maps of galaxies in terms of quasar absorption line information, and this caution applies both at high and low H i column densities. At the high N HI end, since the conversion of 21 cm brightness temperature assumes that the gas is in the optically thin regime, the true value of N HI may be higher than estimated from emission maps due to saturation effects. At the low column density end, higher resolution 21 cm maps (∼100 pc for the B12 data versus 1.4 kpc for the Z05 data), which better approximate quasar pencil beam surveys, show a decrease in the relative numbers of low-N HI sightlines. This is likely due to the presence of higher column density gas within larger beams. However, since the B12 results were estimated based on a scaling of the properties of three Local Group galaxies to the H i mass function of the local universe, there may be systematic uncertainties in the overall normalization of the derived cosmological parameters.
ON THE Mg ii SELECTION METHOD
One often-noted concern about using the Mg ii-selection method to conduct a UV survey for DLAs is that it may preferentially select systems with higher metallicities, and that we might be missing lower metallicity DLAs which would show up as systems with W λ2796 0 < 0.3Å, or perhaps they might have no detectable Mg ii absorption. Another concern Figure 5 . The fit only includes the 2 < z < 3.5 data points of N12 and our current results for 0.11 < z < 1.65, and is of the form shown in Equation 8.
has been that by using strong Mg ii as a proxy for DLAs, our sample could include a higher fraction of high N HI systems, thus causing our derived Ω DLA to be biased high. We address these concerns below in reverse order. In short, there is absolutely no evidence for these effects at z < 1.65.
Is N HI biased high?
In RTN06 we presented the W λ2796 . This result is also true for our current expanded sample (Figure 2) . The A. We did not find any DLAs at 0.3Å ≤ W λ2796 0 < 0.6Å 1 . Unfortunately we cannot make a similar plot using all of the new Mg ii absorbers in our current sample because we do not have measured N HI values for most of the new subDLAs. In figure 5 of RTN06 we showed N HI for only DLAs in that sample; it hinted at a decreasing trend of N HI with increasing W λ2796 0 , if at all. In fact, the error bars, and the low point in the bin at W λ2796 0 ∼ 1.35Å, showed the mean N HI to be consistent with a value of ∼ 1 × 10 21 cm −2 as a function of W λ2796 0 . There was no evidence in the prior data that bins at larger W λ2796 0 had higher N HI . The results did show, of course, a higher probability of larger W λ2796 0 systems hosting a DLA, but the N HI of such DLAs was clearly not higher than the N HI of lower W λ2796 0 DLAs. The above results remain true for our new, updated sample. Figure 8 shows the plot of N HI versus W λ2796 0 for our current sample of 70 DLAs. Once again, there is no evidence for an increasing trend of N HI with increasing W λ2796 0 . Also, we now have one system in the updated sample with 0.3Å ≤ W λ2796 0 < 0.6Å, and this system has N HI = (8±2)×10 20 cm −2 . The red points in Figure 8 are mean values of N HI calculated in 10 bins of 7 DLAs each. Bootstrap errors are shown. The solid line is a fit to these data points that has a slope of −0.08 ± 0.05, consistent with no correlation between N HI and W λ2796 0 . The grey region represents the 95% confidence band for the fit. We see that the lack of very high N HI systems in the top right corner of Figure 8 persists, and is driving 1 We also reiterate that no DLA has been found with W λ2796 0 < 0.3 A, and thus, bins with lower values of W λ2796 0 do not contribute to the cosmic neutral-gas density of the universe.
the marginally negative slope, although this is likely to be due to small number statistics.
We should clarify several points. Our latter surveys for DLAs with HST preferentially selected Mg ii systems with W λ2796 0 ≥ 0.6Å since results from the initial survey indicated that this would lead to a higher probability of finding a DLA. Then, for example, had there been a positive correlation between W λ2796 0 and N HI , this type of selection could have resulted in preferentially finding DLAs with higher values of N HI , i.e., when calculating N HI for the entire sample, N HI would have been biased high. Thus, even though n DLA would not have been affected (i.e., biased) because it is calculated using the relative incidence of Mg ii systems (Equations 2 and 3), the calculation of Ω DLA using Equation 6 would have been biased high had we used a value for N HI that was biased high. To correct for this we would then have needed to calculate Ω DLA in parts as a function of W λ2796 0 . However, as we showed above, N HI is independent of W λ2796 0 for all values of W λ2796 0 where DLAs are detected, and therefore such a "bias" does not exist in our previous sample nor in our new, updated Mg ii-selected sample over the redshift interval of 0.11 < z < 1.65 (the UV DLA regime). If anything, if the minimal negative correlation shown in Figure 8 is real, it would mean a negative bias at the highest W λ2796 0 values, which would have required a slight (but insignificant) upward correction for Ω DLA .
Is there a metallicity bias?
Since our selection is based on a 'metal,' Mg ii, the H i gas that is being traced by Mg ii systems is not 'pristine.' There must have been an epoch when DLAs were not enriched enough to have Mg ii absorption, in which case, our selection method would miss them. There may also be pockets of high-density neutral gas that have very low metallicity at redshifts z < 1.65 and which do not have Mg ii above the threshold of our survey. These would also be missed. However, there is no evidence for this. All DLAs observed thus far at all redshifts have Mg ii or other low ionization absorption (e.g., Turnshek et al. 1989 , Lu et al. 1993 , Lu & Wolfe 1994 . In addition, the high redshift (2 < z < 6) MgII-DLA study of Matejek et al. (2013) has shown that all DLAs in their sample have W λ2796 0 > 0.4Å. Thus, metal-enrichment existed at the highest redshifts of the DLAs found in their study (z ∼ 5.3). With its large oscillator strength, the Mg iiλ2796 line becomes saturated at relatively low column densities, and thus, its rest equivalent width cannot be used as a measure of metallicity. The DLAs found by Matejek et al. (2013) were measured to have metallicities, e.g., [Si/H] , with lower limits down to a few thousandths solar, with several lower limits measured at a tenth solar. Thus, there are no known DLAs that are extremely metal poor and that do not show strong Mg ii absorption even at the highest redshifts studied thus far. Matejek et al. (2013) also found that the metallicities of these MgIIDLAs are not different than those of the general population of DLAs at those redshifts, i.e., Mg ii selection does not bias the DLA sample towards higher metallicities. They conclude that the observed metallicities are not inconsistent with the hypothesis that the two groups trace the same population of absorbers.
Until recently, almost all of the DLA and sub-DLA metallicity measurements at low redshift were for systems identified in our surveys. These measurements showed that there is a steady increase in the metallicity of the universe from high redshift to the present epoch, and that subDLAs generally have higher metallicities than DLAs (e.g., Kulkarni et al. 2007 , Quiret et al. 2016 and references therein). If there was a metallicity bias in the selection of DLAs and subDLAs at low redshift, then the observed increase in metallicity with time would have to be corrected for this bias. Dessauges-Zavadsky et al. (2009) speculated that the high metallicities of subDLAs at low redshift were likely due to a bias introduced by our Mg ii selection of DLAs and subDLAs. The DLAs in the sample of Nestor et al. (2008) Møller et al. (2013) , Som et al. (2015) , Quiret et al. (2016) , among others, have noted a trend between line widths and metallicity, prompting some to infer a massmetallicity relation for quasar absorbers similar to what is observed for galaxies. With recent results on Mg ii absorbers suggesting that they arise in bipolar outflows (Bouché et al. 2012; Bordoloi et al. 2014) , the mass of the host galaxy may not be the only driver of the velocity width -metallicity relation. In any case, whatever the reason for the correlation, it is recognized that the correlation exists. Does this mean that we are missing the lowest metallicity DLAs since our selection has a cut-off at W λ2796 0 = 0.3Å?
Since we believe that we have not missed any DLAs through Mg ii selection ( §4.1), we also have not missed any DLAs with metallicities that are lower than what current samples measure. One way to investigate whether our Mg iiselected DLAs and subDLAs have higher metallicities, is to compare their metallicities to samples of DLAs that were identified serendipitously. Figure 9 shows metallicity mea- surements of DLAs and subDLAs in Mg ii-selected systems and non-Mg ii-selected systems at z < 1.65, i.e., in UVdetected systems. There is now a statistically significant number of non-Mg ii-selected DLAs at z < 1.65 for which metallicity measurements exist in the literature to be able to perform this comparison in a meaningful way. The wellknown increase in metallicity with decreasing N HI is observed in this sample as well. However, there is no evidence that the Mg ii-selected DLAs have higher metallicities than the non-Mg ii-selected ones. A Kolmogorov-Smirnov (KS) test performed on the two samples gives a p-value of 0.934, indicating that the two samples are drawn from the same parent population at a high level of confidence.
In Figure 10 , we plot the metallicites of DLAs and subDLAs at z < 1.65 as a function of W λ2796 for DLA metallicities at [X/H] ∼ −2. The reason for the metallicity-kinematics relation is far from understood ( §1), but our investigation of neutral gas properties has revealed an apparent floor for both metallicity as well as velocity spread of neutral gas structures at low redshift. It is also interesting to note that studies of the incidence of W λ2796 Therefore, in the end, observers studying the average cosmic metallicity need to be aware of the fact that by selecting a DLA system with a higher gas velocity spread (i.e., a higher W λ2796 0 value) they will be tending to select a DLA with higher metallicity. Thus, an unbiased sample for a DLA metallicity study should be designed to have a relative distribution of W λ2796 0 values that matches that of the true DLA population. But, as we have discussed, in order to increase the probability of finding DLAs, our survey methods have tended to select high W λ2796 0 systems. We account for this when we calculate the cosmic incidence of DLAs ( §3.2). Similarly, calculations of cosmic metallicity should account for this as well or they might inadvertently be using a nonrepresentative sample.
Figures 11 and 12 illustrate this further. In Figure 11 , the left vertical axis and the black solid data points are the same as in Figure 2 . On the right vertical axis and as blue data points, we plot the Mg ii rest equivalent distribution from NTR05, which is plotted for the mean redshift of our sample, z = 0.8, and for the range of W λ2796 0 in our sample, 0.3Å ≤ W λ2796 0 < 3.3Å. Figure 12 shows the product of these two quantities, which gives the incidence of DLAs as a function of W λ2796 0 ; Mg ii systems with 0.6Å ≤ W λ2796 0 < 1.5Å are seen to contribute ∼ 61% of the total number density of DLAs. Thus, when determining the mean neutral-gas cosmic metallicity of the universe, samples of DLAs should be selected according to the appropriate relative numbers of their W λ2796 0 values (or equivalently, velocity spread values). We also point out that the two-orders-of-magnitude spread in metallicity measurements of DLAs at all redshifts is, at least in part, a manifestation of the metallicity-velocity spread relation that exists within absorber samples. That the mean metallicity of DLA absorbers evolves with redshift might then be closely linked to the redshift evolution of the Mg ii rest equivalent distribution, dn/dW λ2796 0 . However, since the W λ2796 0 -metallicity-redshift relation is not the main purpose of this paper, we will not explore this further here.
CONCLUSIONS
We have used the Mg ii selection method to perform an unbiased survey for DLA absorption line systems at 0.11 < z < 1.65. The results represent an update to our previous findings reported in RTN06. In particular, three new subsamples of MgII absorbers were investigated using UV spectroscopy to determine if they had a DLA line indicative of N HI ≥ 2 × 10 20 atoms cm −2 . The previous RTN06 sample had 41 DLAs in 197 Mg ii systems, and updates to this sample now include 26 DLAs in 96 Mg ii systems from our HST ACS Prism Survey, three DLAs in 60 Mg ii systems from our GALEX Archival Survey, and zero DLAs in 16 Mg ii systems from our MMT-HST COS Survey (although two systems from this survey that did not qualify to be in our statistical sample were DLAs, §2.3). Each one of these new subsamples had a specific Mg iiλ2796 rest equivalent width, W λ2796 0 , selection criterion threshold. These thresholds had to be taken into account when deriving the updated DLA statistical results since, as described in §3.1, the probability of detecting a DLA in a Mg ii system depends on W λ2796 0 (Figure 2 ). In total this new, updated sample includes 70 DLAs in 369 Mg ii systems with W λ2796 0 ≥ 0.3Å. Analysis of this new, updated sample indicate the following:
1. The incidence of DLAs, or product of their gas cross section and their comoving number density, can be described by n DLA (z) = (0.027±0.007)(1+z) (1.682±0.200) . Only the results of N12 for redshifts 2 < z < 3.5 and our current results for 0.11 < z < 1.65 were used to derive this relation. It is shown in Figure 4 as the black curve. This relation appears to hold over the redshift interval 0 < z < 5 and is in good agreement with the 21 cm emission results reported by B12 at z = 0.
2. The cosmic mass density of neutral gas can be described by Ω DLA (z) = (4.77 ± 1.60) × 10 −4 (1 + z) (0.64±0.27) . Once again, only the N12 high redshift and our current low redshift results were used to derive this relation. The curve is shown in Figure 6 . Given the large uncertainties in our low redshift data points, the fit should not be used to draw any conclusions regarding its extrapolated value to z = 0, although it is formally more consistent with the Z05 result.
3. The results on the HI column density distribution, f (N), are shown in Figure 7 . The best-fitting power law for our data points in the range 20.3 ≤ log N HI < 21.8 has a power law index of −1.46±0.20. At the lowest N HI values our results lie between the z = 0 21 cm emission results of Z05 and B12, with the B12 results being several times lower than the Z05 results. In terms of a possible trend, the low N HI tail of the DLA f (N) distribution is seen to decrease as one progresses from high redshift (N12), to low redshift (this study), to z = 0 (B12), although to establish this we would need to more clearly understand why the results of Z05 and B12 disagree. At the highest N HI values our results are more consistent with the z = 0 21 cm emission results of B12, which are also similar to the results of N12.
Finally, in §4 we addressed the possibilities that the Mg ii selection method for DLAs leads to either N HI values that are biased high or a metallicity bias. The results shown in Figures 8 and 9 , respectively, show that both of these possibilities can be rejected with certainty in the redshift interval 0.11 < z < 1.65, which is the UV DLA redshift regime. Thus, at least at z < 1.65, DLAs found through Mg ii selection statistically represent the true population of DLAs. We also caution that studies of DLA metallicities should take into the account the relative incidence of DLAs with respect to W λ2796 0 (or gas velocity spread) in order to correctly measure the mean cosmic metallicity of the universe.
